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The most important and crucial socio-economic problem 
at the present time is the long delayed economical develop-
ment of the so-called "underdeveloped countries", which are 
inhabited by approximately three-quarters of the human race. 
From India to Ethiopia, from Indonesia to Nigeria, from 
Bolivia to Thailand, billions of poverty stricken people who 
are persistently threatened by famines and starvation live 
in the most deplorable and miserable conditions. A.pproxi-
mately one billion human beings have a standard of living of 
less than one hundred dollars a year and another billion 
people have an annual income one-quarter to one-half the in-
come which a typicalAmerican family spends in a single month. 
In Iran when famine strikes the children of the poor examine 
the droppings of horses to extract morsels of undigested 
oats. In Calcutta at least 250,000 people who have no homes 
live in the streets. In Cali, Colombia, the city's sewers 
run through the miserable shacks of the poor when the river 
rises. 
In Turkey with a population of thirty-two million, 
seventy per cent of the people live in villages which have 
no electricity, no running water, no proper medical facilities. 
l 
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On the average, the peoples of the underdeveloped countries 
have a life expectancy only about half that of the people of 
highly industrialized and developed countries. Deadly 
diseases such as malaria, dysentery, and tuberculosis are 
common in all underdeveloped countries. Measured in calories, 
their food supply is approximately one-third less than that 
of the highly developed countries. Only the richest strata 
can afford to purchase the 11 protective·foods 11 such as milk, 
meat and eggs. Again a very small minority, consisting 
mostly of the children of the rich, can attend schools. 
Consequently, in underdeveloped countries only one person in 
four or five knows how to read and/or write. 
Non-human energy utilized in agriculture, transportation, 
household tasks and in industry is less than one-twentieth 
that of the industrialized countries. The examples given 
can be increased ad infinitum. However, one central fact is 
crystal clear: A.t the present time a great majority of the 
human race is compelled to live in the most horrible and 
inhuman conditions. The economical misery which surrounds 
them begets cultural, social and spiritual degeneration and 
poverty as well. 
From every indication of the collective behavior of the 
impoverished masses in the underdeveloped countries, it is 
evident that these peoples are not simply resigned to their 
fate. They seek and believe they have a natural and an 
inalienable right to a much better life. They demand 
immediate and far-reaching solutions to their problems and 
unequivocally claim that their centuries old economical, 
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social and cultural poverty can and should be eliminated. 
Under the impact of the modern mass media which have broken 
every barrier that contributed to the cultural isolation of 
human groups, they observe the affluency of the highly 
developed industrial countries, make the inevitable compari-
sons and assert that the existing situation is simply unbear-
able. This very comparison and awareness, this ever-increas-
ing impatience, and this long delayed, yet forceful, protest 
are the symptoms of a highly explosive and dangerous situa-
tion that exists in all underdeveloped countries. 
Under the inevitable impact of these social develop-
ments, some economists, sociologists, engineers and politi-
cians in underdeveloped countries are attempting to analyze 
the situation, establish the determinants of poverty and 
finally discover ways and means through which the economical, 
social and cultural development of their countries can be 
accomplished. Nothwithstanding these attempts, the per 
capita income gap between the economically advanced nations 
and the underdeveloped nations is widening--- the rich have 
\ 
been getting richer and th~ poor have been getting poorer. 
This increasing gap intensifies the discontent of the masses 
of the underdeveloped countries. Consequently, it is imper-
ative not only to understand the causes of extreme poverty, 
but also find concrete ways which can lead underdeveloped 
countries out of the vicious circles which surround them. 
Unless this is done immediately, the situation will be hope-
less for both advanced and underdeveloped countries. 
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The Purpose of the study 
The purpose of this study can be categorized as follows: 
a) to define and describe "underdevelopment" in terms of 
conventionally accepted criteria and relative comparisons, 
b) to delineate the basic factors which determine and perpet-
uate the economical and social backwardness that exist in 
underdeveloped countries, and c) to discover the ways and 
means which can lead underdeveloped countires to higher 
living standardsg 
In this study a combination of qualitative and quanti-
tative approache~ with emphasis on quantitative (in other 
words, Mathematical), will be used. It is the intention of the 
author to make extensive use of the personal and collective 
experience he has accumulated in his native land, Turkey, 
which is classified as an underdeveloped country. However,it 
is hoped that the general conclusions of this study can be 
applied to a variety of countries which are attempting to pass 
from an exclusively agrarian economy to a self-sufficient in-
dustrial one. The author believes that, notwithstanding all 
the cultural and historical differences, almost all underde-
veloped countries have fundamental similarities, common prob-
lems, and common destinies. In this respect, once underde-
velopment is described both qualitatively and quantitatively, 
these similarities will be evident. In this study an attempt 
will be made to integrate descriptive and mathematical ap-
proaches in order to overcome the shortcomings of thesemeth-
hods which arise when they are employed independently. The 
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author believes that capable sociologists, eminent economists 
and competent social scientists come up with very valuable 
descriptions of underdeveloped countries~ However, generally 
speaking, their analyses are verbose, their conclusions 
vague, their suggestions somewhat abstract. on the other 
hand, the solutions offered by engineers generally suffer 
from one-sidedness, from excessive detailism and from limit-
ed capability for application, even though the terminology 
employed is concise, the methodology is clear, and the con-
clusions are backed with scientific data. It is hoped that 
through a healthy combination of these two seemingly opposite 
methods, a new analytical tool, free of the shortcomings 
of its components will be created. In Hegelian terminology, 
the mutual interaction of thesis and anti-thesis will give 
birth to synthesise 
Historical Background 
Even though the economical and, consequently, cultural 
poverty have been constant and horrible companions of man-
kind, attention to the problem of underdevelopment, as such, 
is relatively new~ In the Western World, the excesses of 
industrial revolution have been depicted very clearly by a 
great number of social scientists varying from Adam Smith, 
Ricardo, J. s. Mill to Keynes, c. Wright Mills and Morice 
Dobb. However, these investigators were mainly interested 
in the socio-economic problems of the Western capitalist 
countries. Their main attention was directed toward social 
conflicts and antagonisms that have erupted between the 
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orqanized working class and the capitalists, the transition 
from individual ownership to corporate ownership, the accumu-
lation and concentration of financial, political and social 
power in industrial units, and effects of increased product-
ivity and automation on the society in general. The problems 
of the underdeveloped countries began to gain importance 
particularly after the second world war, which brought the 
division of the world into two hostile camps---the Western 
World under the leadership of the United states of America, 
and Communist countries under the leadership of the soviet 
Union. In order to gain strategic victories both sides had 
to appeal to underdeveloped countries, most of which orig-
inally preferred and attempted to remain neutral in this 
global conflict. Massive American military and economical 
aid began to pour to all corners of the world in order to 
relieve social and political tensions existing in under-
developed countries, and, consequently, to secure their 
alliance. Parallel to this international development, the 
interest in the problems of the underdeveloped countries 
among Western scientists began rapidly to multiply. Social 
conditions once again determined the particular conscious-
ness associated with these problems and a great number of 
government sponsored and private studies of the underdevelop-
ed countries have been made. Today any text book in elemen-
tary economics or sociology written would be incompletewith-
out a concise description of the economical and social back-
wardness that prevail in underdeveloped countries and with-
out briefly delineating the determining factors that act up-
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on them. Underdevelopment effects the entire world's social 
and economic structureo 
Ragnar Nurkse (1) emphasizes the lack of capital form-
ation and underemployment as the major determinants of under-
development. According to his studies, predominance of 
agriculture is common to almost all the underdeveloped 
nationso Statistical data indicate that two-thirds to four-
fifths of an underdeveloped nation's labor force will be 
engaged in agriculture. Nurkse further estimates that 
twenty-five to thirty per cent of this farm labor is under-
employed or surplus labor which contributes almost nothing 
to total agricultural output. This fact leads him to the 
conclusion that a large fraction of an underdeveloped nation's 
labor force can be reallocated from agricultural to indus-
trial occupations with little or no decline in agricultural 
production. Eugene Staley (2) gives an excellent descrip-
tion of the underdeveloped nations and concludes that unless 
immediate and far-reaching remedies are found, the future is 
indeed bleako w. Arthur Lewis (3) points out the positive 
correlation between the productive investment in manufac-
turing, agriculture and commerce and the level of economical 
development that exists at a given time. He clearly shows 
that this type of crucial investment is very much lackingin 
underdeveloped countries<> Peter Wiles (4) contends that./ 
there is a conflict between economical development and 
rational choices in the allocation of scarce resources and 
favors a public policy which emphasizes economic growth. 
Charles P~ Kindleberger (5) claims that economic develop- v 
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ment and the level of governmental participation in economic 
life are positively correlated. Delbert A. snider (6) 
studies the effects of economic aid to the underdeveloped 
nations, and concludes that a reasonable rate of growth---
one to two per cent annual increase in per capita incomes---
will require from five to ten billion dollars of foreign 
capital per year over the next fifteen years. After this 
time, it is hoped that the underdeveloped nations would be 
self-sustaining. A.lexander Eckstein (7) asserts that govern-
ment investment financed through taxation may promote 
economic growth without extensive governmental ownership of 
enterprises, governmental controls and central planning. 
Daniel Lerner and Lucille Plevsner (8) emphasize the impact 
of the mass media (radio, television, movies, inexpensive 
newspapers and magazines) on the population and indicate 
that transformation of value systems under this impact may be 
extremely useful in promoting economical development in the 
underdeveloped countries which are tied down by archaic and 
fossilized traditions. Eminent sociologist, Philip Hauser, 
(9) also emphasizes the role of social factors in under-
developed nations and describes five main elements hindering 
economic development. First, he points out that the tradi-
tional value systems emphasize spiritual rather than material 
values and in so many other ways conflict with material 
aspirations. Second, traditional societies are highly 
stratified into an elite and a lower clasE , with almost no 
middle class. Third, as there is great deference to age, 
seniority takes precedence over training and competence which 
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further inhibits efficient utilization of labor power. 
Fourth, is the existence of pre-scientific mentality. Views 
of the universe as controlled by non-rational and super-
natural forces conflict with economic incentives., Fifth, 
Houser points to the loose social ties in a great number of 
underdeveloped countries which make it impossible for these 
societies to move in a concerted, integrated, social way to-
ward common goals. Benjamin Higgins (10) shows that agri-
cultural productivity in the underdeveloped countries is 
extremely low in comparison to the agricultural productivity 
that exists in advanced nations. He points out that the 
backward peasant nations which depend so desperately on 
their capacity to grow food cannot compete in agricultural 
products with the advanced countries. United States's 
Louisiana rice undersells Philippine rice and California 
oranges are both better and cheaper than Indonesian oranges. 
consequently, unless agricultural productivity is increased, 
underdeveloped countries will never be able to advance from 
a totally agricultural economy to a self-sustaining mixed 
economy. 
Eugene RG Black (11) points to the disastrous effects 
of the relentless proliferation of people in the fragmenta-
tion of land holdings. Under the pressure of population 
increase, the typical unit of agricultural production in the 
underdeveloped lands became far too small to allow efficient 
farming. The so-called "postage stamp cultivation" marks 
the pattern of farming throughout most of Asia, and to a 
considerable extent also in Africa and south America. Alvin 
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H. Hansen (12) shows the dependence of underdeveloped 
countries on advanced nations and claims that the losses 
sustained by the underdeveloped countries because of the 1958 
recession which caused tremendous decreases in the raw 
material prices, by far outweighed any foreign aid· given for 
several yearso Oscar Lewis (13) points to the reactionary 
behavior of the social elite in the underdeveloped countries 
who generally oppose every measure of social progress and 
claims that the capacityfor suffering of the poor has 
obvious limits, and unless ways are found to achieve a more 
equitable distribution of the growing national wealth and a 
greater equality of sacrifice during the difficult period of 
industrialization 0 social upheavals will emerge sooner or 
later .. Irma A.delman (14) examines the growth theories of 
Smith, Ricardo, Marx and Schurnpeter and presents a modern 
Nee-Keynesian model of her own. By emphasizing both quali-
tative and quantitative factors in economical development 1 
she introduces a whole theory of economic growth. Walter 
Krause (15) points to the Soviet aid offensive and shows 
that as in the case of Russian foreign trade, soviet aid is 
motivated by both economic and political considerations. The 
soviet Union has been willing to accept certain rawmaterials 
and food stuffs as payments for its loans. It is hoped that 
these relationships may lead to closer economic and political 
ties between the soviet Union and the underdeveloped 
countries. The political implications of such a develop-
ment for the Western World are very clearo Franklyn Do 
Holzman (16) also emphasizes the economical and political 
11 
consequences of soviet aid to the underdeveloped countries 
and depicts this as a very serious challenge to the Western 
World. 
CHAPTER II 
COMMON CHARACTERISTICS OF UNDERDEVELOPED COUNTRIES 
A.ND THE BASIC F A.CTORS DETERMINING UNDERDEVELOPMENT 
Underdevelopment Defined 
In this study economic development will be defined as 
the process by which an economy is transformed from one 
whose rate of growth of per capita income is small or nega-
tive to one in which a significant self-sustained rate of 
incr.ease of per capita income is a permanent long-run feature© 
A.ccording to this definition a society will be called under-
developed if economic development is incomplete, yetpossibl~ 
This definition distinguishes economic development from 
sporadic growth and development produced by external factors~ 
Then it is evident that an underdeveloped economy cannot 
simply be defined by a"single criterion",. On the contrary 0 
a detailed investigation and analysis of its socio-economic 
relationships is absolutely necessary. Only after this task 
is completed can it be established whether economic develop-
ment is a) possible, b) in progress, or c) basically complete. 
The phenomenon of underdevelopment can only be understood in 
the context of the totality of complex inter-relationships 
which determine the economic and social life of such a 
society.. Without at least tentatively recognizing the effects 
12 
13 
of the superstructure composed of traditions, value systems, 
mores, culture, and history of a society upon its substruc-
ture composed of the productive activities and relations of 
productions and visa versa, no satisfactory analysis of any 
society, developed or underdeveloped can be given. 
Common Characteristics of the Underdeveloped Countries 
In order to prescribe concrete and effective solutions 
to the problem of underdevelopment, the first task is to 
point to the common characteristics of the underdeveloped 
countries. Otherwise, the solutions will be extremely limit-
ed in scope and applicability. Furthermore, from the defini-
tion of economic development and underdevelopment, it is not 
difficult to see that common characteristics are implicitly 
assumed. Just what are these characteristics that exist in 
almost every underdeveloped country? 
1) Low Per Capita Incomes: The most descriptive common 
characteristic of the underdeveloped countries of the world 
is poverty --- low per capita incomes in comparison with the 
industrially advanced countriesa In Table I the tremendous 
disparity among these incomes can easily be seen. 
Table I clearly shows that the great majority of peoples 
of the world have pitifully low per capita annual incomes. 
Furthermore, as stated previously, the per capita income gap 
between the economically advanced nations and the underdevel-
oped nations has not only persisted, but also in most in-
stances has increased. This widening obviously contributes 
to the social unrest and discontent that exist in the under-
developed countries. 
TABLE I .. 
PER CA.PITA <;;ROSS .-NATIONAL PRODUCT IN 
SELECTED COUNTRIES, ANNUAL AVERAGE 
(U. s. Dollars) 
Country 
Per Capita Gross 
National Product 
( u. s. Dollars) 































































TABLE I (Continued) 
Per Capita Gross 
National Product 










Franc~ -----·-··--.. ----943 
Netherlands - 836 
West Germany c::92~ 
Norway. 1~ 130. 
Denmark 1,057 
Sweden 1,380 
United Kingdom 1,189 
· Belgium ~----· · ...... 1-, 196 
Australia 1,316 
New Zealand 1,310 
Canada 1,947 






















source: The U. s. Book of Facts, Statistics and Inform-
a.tion,.1966, p.614. 
2) Overpopulation: Most of the underdeveloped countries 
have extremely large populations to support. In countries 
like India, because of the population explosion, per capita 
food consumption is pulled down to the subsistence levels. A 
slight change in climatic conditions reduces agricultural 
production, and famine strikes. The problem of overpopulation 
is further intensified because of the fact that any increase 
in consumer goods production raises the standard of living 
and consequently accelerates the population increase rate. 
Once this happens, any increase in living standards will be 
immediately dissipated by that increment with which popula-
tion increases. Table II compares t~e populations of some 
underdeveloped countries with that of the United States.· 
TABLE II 















































































source: The Uo s. Book of Facts, Statistics and 
Information, 1966. 
In order to relieve the pressures of the population 
16 
explosion in some underdeveloped countries, many experts 
advocate government sponsored universal birth control meas-
ures. However, attractive as it may seem, this method has 
not worked well in many underdeveloped countries such as 
17 
India and Turkey. One major reason for this failure is the 
attitude of the impoverished masses toward the birth control 
measures. These poor peasants and a great majority of the 
industrial workers in the underdeveloped countries generally 
have no security, no pension plans, no retirement benefits 
which may help them in their old age. Consequently, a built-
in natural security in the form of children is substituted 
for social securities which are totally lacking. It is not 
difficult then to see the natural hostility of these groups 
toward birth control measures. As long as the working people 
mistrust the elite government bureaucrats, the city folk,the 
birth control measures will not be effective. 
3) Preponderence of A.griculture and Disguised Unemploy-
men~: Agriculture is predominant in almost all underdevelop-
ed countriesv Generally, from two-thirds to four-fifths of 
the labor force of an underdeveloped nation will be engaged 
in agriculture. Statistical data very clearly show that 
there is a definite negative correlation between the per 
centage of population engaged in agriculture and the national 
\ 
income. In all advanced countries only a small percentage 
varying between ten and twenty-five per cent of the popula-
tion are in agriculture. The rest are engaged in industry, 
in services and in public activities. Table III reveals 
this fact. 
Application of the linear regression analysis to the 
data given in Table III, gives a correlation factor,r = -0"84, 
between the percentage of population in agriculture and per 
capita gross national product. For our sample size n = 63, 
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in order to conclude that r is not zero with ninety-nine per 
cent confidence, r should be -0.33 which is larger than 
r = -Oo84. Consequently, it can be stated with a confidence 
level above ninety-nine per cent, that in actuality between 
per cent population in agriculture and per capita gross 
national product a very strong inverse relationship exists. 
However, th1A relationship is associative rather than casual. 
Stated briefly, then, the smaller the per cent population in 
agriculture the larger the national income will be. If 
logarithmic values of per capita gross national product are 
plotted against corresponding per cent population in agri-
culture the result is an approximate straight line as shown 
in Figure 1. This Figure once again shows the inverse 
associative relationshipo Generally, if in a given country 
a great majority of people can afford and find employment in 
the non-agricultural sectors of the economy, it would not be 
presumptuous to assume that the agriculture is highly mech-
ani:z.ed, the agricultural units are of optimum size, and the 
use of man-m.:,.de fertilizers is highly common. Unfortunately, 
in almost all underdeveloped countries, because of the oper-
ation of the archaic inheritance laws for centuries the 
agricultural units are either too small or the larger, 
optimal size units are under the control of landlords who 
are not enterprising and daringo Under these conditions 
mechanizati.on is difficult and the use of man-made ferti-
lizers is not very common. It is no wonder that the agri-
cultural productivity in the underdeveloped countr1e1 ia 
very low in comparison to that of advanced nations. Table 
IV shows this in terms of rice productiono Unfortunately, 
the problem of low productivity is not isolated1 it exists 
19 
in all spheres of agricultural productiono Consequently 0 it 
is not at all unusual for an industrialized country such as 
the United states to sell agricultural products to India, 
which is predominantly agriculturalo 
TABLE III 
THE RELATIOHSIP BETWEEN AGRICULTURAL POPULATION 
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Another characteristic of the underdeveloped countries 
is the existence of underemployment which is directly con-
nected with the preponderance of agriculture .. It is esti-
mated that on the average, twenty-five to thirty per cent of 
the farm labor is underemployedo This labor force which is 
so appropriately called 01 surplus labor" contributes almost 
nothing to total agricultural output .. As a matter of fact, 
considering the less than optimal size of agricultural units, 
it is.safe to assume that even the point of absolute dimin-
ishing returns may have been reached in many underdeveloped 
countrieso Consequently, a re-allocation of this surplus 
labor f·orce from .agriculture to industry is not only possible, 
but also imperativeo This rational re-allocation w.i,11 
result with no decline in food productiono On the contrary, 
utilization of the surplus labor in industry will increase 
the total· industrial outputo This means that there will 
also be more agricultural implements. and fertilizers, which 
will ult.imately increase the agricultural production.. A 
recognition of the interdependence of agriculture and in-
dustry is prerequisite to any development program .. 
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4) Qualit_y and the Re-allocation of the Human Resources 
It was stated in Chapter I that in the underdeveloped nations 
only a small minority, mostly children of the rich, can afford 
to attend schools$ Consequently, on the average, only one 
person in four or five knows how to read and/or writeQ In 
other words, in the underdeveloped countries seventy-five to 
eighty per cent of the population is illiterate. Certainly 
these illiterate people cannot be considered as an efficient 
labor force equipped with those qualities which are prereq-
uisites in industrial operationso However, in this study it 
will be assumed that in a relatively short period of time the 
technical requirements of basic industrial operations can be 
taught to illiterate peasantso The problem is not a techno-
logical, but a social oneG It has been observed in all in-
dustrial countries that the transition of the peasant from 
an agricultural worker to an industrial worker is time con-
suming, extremely difficult and frustrating. The discipline, 
regularity, monotony and strict hierarchical authority which 
exist in industry can be found only to a minimal degree in 
agricultural operations~ Consequently, the psychological 
transformation of the poor peasant and the agricultural 
share-cropper is at times very painful both for the individ~ 
uals involved and the society. The poor peasant submits him-
self to industrial discipline if, and only if, all other 
occupations are completely closed to him. In the capitalist 
countries this re-allocation of human resources has been 
accompolished through the workings of the market mechanisms 
and by squeezing the agricultural population out of the land 
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under the pressures of mechanized agricultural production. The 
small farmers who could not compete in the market with the 
big farmers simply had to sell their land and either accept 
working as agricultural workers or move to cities and seek 
employment in industryo At the present time the same phe-
nomenon is taking place in all underdeveloped countrieso How-
ever, a great number of poor peasants who leave their land 
and move to cities very soon realize that there are not 
enough jobs in industry for allo The industries of under-
developed countries are weak, mostly stagnant and extremely 
inefficientQ Consequently, as job opportunities are very 
rare, the surplus population of the villages then becomes 
the surplus population of the cities. Thousands of shacks 
mushroom around the periphery of big commercial centers and 
millions of people once again are condemned to poverty and 
horrible miseryo Examples of this unfortunate development 
can be seen in every commercial center in the underdeveloped 
countries, in Istanbul, Turkey, in Rio de Janeiro, Brazil, 
in Calcutta, India, in Teheran, Iran, and in Mexico City, 
Mexico a 
If by a miracle the industries of the underdeveloped 
countries attempt to get more vigorous, enterprising, daring 
and efficient, then they will soon have to give up this 
worthwhile venture. For, in all underdeveloped countries a 
great majority of those fortunate persons who attend and 
finish colleges prefer non-technical professions, such as law, 
politics, journalism and government bureaucracyQ There are 
very few who would like to be engineers, economists, agron-
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omists, chemists, et cetera, for the technical education is 
extremely competitive and very difficult in comparison to 
non-technical education. Furthermore, the prestige and 
monetary rewards associated with non-technical professions 
such as law and politics are much higher in comparison to 
engineering. The children of the rich who will inherit the 
total control of economical, cultural and political life in 
the underdeveloped countries generally are not at all inter-
ested in vigorous training, in scientific disciplines,andin 
modest, yet just renumeration for their effortso However, it 
is more than obvious that without the existence and contri-
butions of technicians, engineers, managers and scientists 
no development is possible .. The scientific accompolisbments 
of the soviet Union, which was considered merely as a back-
ward, primitive peasant society until the launching of the 
first sputnik in 1957, can only be explained in terms of the 
tremendous emphasis which was put on technical and scien-
tific education in the soviet Union., If one can overcome 
his political inhibitions and investigate the matter objec-
tively and thoroughly, one will see that in the years 1926 
to 1952 soviet professional manpower increased tremendously: 
engineers, ten ti.mes: teachers, five times: and physicians, 
~~b~ timeso(l8) A comparison of the soviet Union and the ." 
United, states as. far as scientific and technical education is 
concerned, shows very clearly how the soviet Union could 
considerably close the techno.logical and scientific gap that 
exists between these two countrieso 
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A further comparison of production of selected key com-
modities establishes the fact that the Soviet Union 0 which 
could definitely be classified as a underdeveloped country 
is now at least a semi-advanced one, due to the tremendous 
emphasis which is put on technical and scientific trainingo 
Tables V and VI show once again that sociologists and 
economists may theoretically analyze, politicians may con-
tinuously talk, but only engineers and scientists can create 
and foster economical and technological developmento As long 
as this crucial fact is not clear for underdevelopedcountrie~ 
economical and social development will remain as utopia~ 
TABLE V 
PROFESSIONAL GRADUATES WITH COMPLETED HIGHER EDUCATION 
IN THE SOVIET UNION A.ND THE UNITED STATES 
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1 : 1.6 
1.,4: 1 
source: Joint Economic Committee, Congress of the 
United States, Dimensions of Soviet Economic 
Power, 1963., 
TABLE VI 
PRODUcrION OF SELECTED COMMODITIES 1950-1965 
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source: Joint Economic Committee, Department 
of Commerce 
5) Entrepreneurial Classes in the Underdeveloped 
Countries and the Effects of Foreign Investments: It is a 
well-known fact that the so-called industrial revolution 
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"which transformed the Western World from feudal societies 
into capitalist ones", was carried out under the leadership 
of a new dynamic 0 enterprising and daring class --- the 
capitalistse It was this class which disciplined poor peas-
ants and agricultural workers into highly efficient indus-
trial workers 0 broke the barriers of archaic and fossilized 
traditions which strangled society, challenged the unques-
tionable authority of religious bodies, established the so-
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called "free contract" between the employer and employee, 
transformed basically barter economies into money and com-
modity economies, accumulated capital for productive invest-
ment which increased the productivity of the labor, and, 
consequently, the volume of aggregate industrial and agri-
cultural outputs. The contributions of this historically 
progressive class to the western world are very clear. Yet 
at the present time no such class exists in any underdevelop-
ed country and its spontaneous or induced emergence in the 
near future is highly unlikely. The so-called "entrepre-
neurial class 11 in any underdeveloped country generally lacks 
the dynamic industrialists, and mostly consists of merchants, 
speculators and usurers. These traditionally conservative 
and timid merchants and speculators accumulate capital, not 
to invest it productively, but to spend it conspicuously. 
Consequently, the first prerequisite of every industrial 
development, "the capital accumulation 11 , in terms of facto-
ries, machinery, and equipment is almost nil in all under-
developed countries. Yet, it is obvious that better-equipped 
labor forces can increase the productivity of the under-
developed countries. On the average an American industrial 
worker uses $20,000 worth of equipment and this certainly 
contributes to his productivity and sets him above even the 
industrial workers of Western Europe. As long as merchants 
and speculators control the economical life of the under-
developed countries, no significant capital accumulationwill 
be accomplished and, consequently, as no productive invest-
ment will be made, the economical development once againwill 
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be postpone0 to an indefinite futureo Generally the individ-
uals that call themselves industrialists and set themselves 
above the merchants in the underdeveloped countries are not 
genuine, domestic industrialists 0 but the representatives of 
foreign capitalo An effective utilization of the foreign 
capital is surely beneficial to all underdevelopedcountriesQ 
However, it is a well-known fact that the penetration of 
foreign capital also brings first subtle, then more direct 
infringements upon the economical 0 political and social life 
of an underdeveloped country and in a short period of time 
it compromises its independence and national integrity. 
Furthermore, foreign capital generally is invested in non-
productive sectors of the economy of the underdeveloped coun-
try, such as consumer goods industry and extraction of raw 
materials which will be processed in the factories of the 
advanced countries= The industrial investment of the 
foreign capital is made in those countries which are already 
industrially advanced., For example, American capital is in-
vested in European auto manufacturing industrYu in electron-
ics, in chemicals, in electronic computers, et cetera. 
Table VII shows that in the underdeveloped sections of 
the world, such as Latin America, Asia and Africa, the 
majority of the American investment is in extractive indus-
triesG However, in industrially advanced Europe, the 
majority of the American investment is in manufacturing and 
the investment in extractive industries is minimalo The 
figures on petroleum represent refineries and distribution 0 
not oil wellsG 
TABLE VII 
PER CENT DISTRIBUTION OF DIRECT AMERICAN 
INVESTMENT BY ARE..i.\ AND INDUSTRY, 1964 
Industry All Canada Europe Latin: .. <.' Africa Asia Area1;1 Am~rica. . · . 
.. . .. 
Mining 8.0% 12~1%. : 0.4% 
.. 
i2 •• 6%. 2~~9" l.1% 
Petroleum 32.4 23.4 25.6 
.. 
35_.9 51 0 0 65.8 
Manufacturing 44.8 .. 54.3 24.3 
.. 
24.3. u.8 17.5 
Public Utilities 4.6 3.3. '0.4 5.8 0.1 . 1.8 
Trade 8.4 5.a 12.2 10.7 5.,7 7.8 
other 8;,6 10.6. 7.i 10 .• 7 . 7.5 6.0 
TO'l'AL 100.0 100.0 100~0 100.0 100.0 100.0 









Why is it that American companies generally prefer to 
make their investments in manufacturing in Europe and in 
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extractive industries in the underdeveloped countries? First 
of all, the political regimes in Western Europe are generally 
more stable in comparison to those that exist in the under-
developed countriese Secondly, the labor force in Europe is 
better trained, more disciplined,and,consequently, more 
productive. Thirdly, the danger of expropriation is non-
existento Fourthly, a highly developed industrial base and 
a great number of technicians, engineers, managers, and 
scientists do already exist in Europe. Under these conditions, 
investment in manufacturing is highly profitable. on the 
other hand, as these necessary elements are very weak in the 
underdeveloped countries, foreign companies naturally prefer 
to consider the underdeveloped countries as sources of raw 
31 
ma~e~ials 0 cheap labor and as non~domestic markets where 
their industrial goods can be sold. Consequently, foreign 
capital is invested in extractive industries and very soon 
every underdeveloped country becomes a supplier of raw mate-
rials for advanced countries .. It is no wonder then, notwith-
standing the transportation of billions of dollarsp the 
underdeveloped countries still remain underdeveloped. 
A.nether negative influence of the foreign capital is its 
creation of a new native class which will defend the interests 
of foreign capitalo By virtue of its position 0 this new 
class.which previously was mentioned as a pseudo-industrial 
class, prohibits the emergence of a national and independent 
industrialist class which can compete with foreign .. industrial-. 
ists both in the domestic and non-domestic markets., Foru 
surely it is far more convenient and easier to represent 
foreign capital than founding a truly national industry~ 
Consequently, this new native class which represents foreign 
interests will consider the prospect of the emergence of a 
national industry as a genuine and deadly threat to its own 
existence and will do everything and anything in its power 
to suppress and crush any such attempt., Furthermore, as it 
can depend on foreign companies which control billions of 
dollars, its victory over a young nation~l industrialist 
class is secured from the very beginninge A weak toddler 
has no chance in front of a giant 0 unless he is David and 
the giant is Goliath .. 
6) Capital Accumulation: In section 5) it was stated 
that the focal point of economic development is the accumu~ 
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lation of capital in terms of factories, machinery and equip-
ment which would increase the aggregate industrial and agri-
cultural output. How is it possible for an underdeveloped 
country to accumulate capital? There is only one answer to 
this question --- by saving and investingo In order to 
accumulate capital a nation must restrict its consumption, 
and re-allocate resources from consumer goods production to 
producer's goods production. In a Keynesian sense, then, 
investment must catch up with the savings of the society so 
that the released resources in the production of capital 
goods can be absorbed. However, the savings potential of the 
underdeveloped countries is extremely low. According to 
statistical data, the underdeveloped countries can save,on 
the average 9 a maximum of five per cent of their national 
income for investment, whereas, the corresponding value for 
advanced nations is ten per cent. In all underdeveloped 
countries, the impoverished masses are not capable of making 
any saving. Saving is a luxury beyond the reach of these 
unfortunate people who have to spend their entire incomes in 
order to exist on the brink of starvationQ And it is gener-
ally accepted that even if per capita incomes increase, this 
will not create significant saving,for the marginal propen-
sities of consumption of the impoverished masses in theundeP.. 
developed countries is very highs In other words, comparing 
their living standards with those of the advanced nations, 
these people develop new wants, new aspirations, new needs, 
and, consequently, they become extremely anxious to spend any 
increment that accrues co their incomes. However, it is also 
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a well established fact that in all underdeveloped countries 
a certain section of the population landlords, tribal 
chiefs, speculators, religious leaders, and some politicians 
are extremely rich and can certainly afford to make consider-
able amounts of savings for the society. This theoretical 
possibility, unfortunately, never becomes a realityo This is 
because the receivers of high incomes in the underdeveloped 
countries, as previously mentioned, generally squander their 
wealth on trivialities, on luxury goods, on accumulating gold 
and jewelry, and on the purchase of existing properties such 
as land or real estate in the cities .. Thus, the savings of 
more prudent individuals find their way either to foreign 
banks or to the foreign companies~ In other words, a certain 
portion of the fortunate ones who are capable of saving have 
no intention of saving and the rest s.imply pref er to channel-
ize their savings into non-productive fields such as real 
estate or hoardingo 
Table VIII shows that the industrially advanced nations 
consume less and save more of their gross national product 
in comparison to the underdeveloped countrieso on the aver-
age, for the advanced nations, consumption of the gross 
national product is seventy-five per cent and the fixed 
capital formation is twenty-four per cento Corresponding 
values for the 1,;:.nderdeveloped countries in the same order 
are eighty-six and thirteen per cents. Consequently, then 
according to the statistical data the fixed capital forma-
tion for the advanced nations is two times that of the under-
developed countrieso If two extremes such as Japan and 
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Morocco are compared, it can be seen that in Japan the value 
for fixed capital formation is thirty-three per cent, where-
as, for Morocco it is only eight per cento Therefore, it can 
be concluded that capital accumulation in the underdeveloped 
countries is totally insufficient under the present condi-
tionso With very meager savings,which ultimately find their 
way either to foreign ba.nks or to conspicuous consumption, 
economic development is extremely difficulte 
In conjunction with the insufficiency of tixed capital 
formation, the accumulation of the so-called n•basic social 
capital 11 is also very unsatisfactoryo Basic social capital 
consists of roads, adequate railways, communications, educa-
tional and public health facilities 0 gas and electricity 
production 0 all of which exist in meager degrees in the under-
developed countrieso The absence of social capital means 
that a significant amount of investment spending which does 
not directly result in the production of goods must preceed 
or at least take place simultaneously with productive.in= 
vestment in industrial machinery and equipment., statistical 
data indicate that in the advanced nations sixty per cent of 
gross investment goes for public works, public utilities and 
housing and the remaining forty per cent goes for product~ve 
investment in agriculture 0 commerce and manufacturing., It 
is obvious that a proportionately higher amount of invest= 
ment in the formation of basic social capital is needed in 
the underdeveloped countriesa Howeverq this policy of in= 
vestment, once again deprives industry and agriculture of 
vital investments which are essential for increased product= 
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ivity. Consequently, the underdeveloped countries are con-
fronted with another vicious circle., The significance of 
total investment can be seen in Table IX. 
TABLE VIII 
. EXPENDITURE OF GROSS NA.TIONAL PRODUci' ON 
CONSUMPTION AND FIXED CAPITAL FORMATION, 
PER CENT DISTRIBUTION 
Consumption Fixed 
Country Year (Private and Capital 
Government} Formation 
United states 1963 82 16 
A.ustralia 1963 74 25 
A.ustria 1963 75 23 
Belgium 1963 80 20 
ca_nada 1963 78 22 
Finland 1963 72 27 
France 1963 79 20 
West Germany 1963 73 25 
Italy 1963 78 23 
Japan 1963 63 33 
Luxembourg 1961 68 25 
Netherlands 1963 74 24 
New Zealand 1963 75 23 
Norway 1963 74 30 
Sweden 1963 77 23 
Brazil 1960 84 15 
Burma 1963 79 17 
Ceylon 1963 89 13 
Taiwan 1963 81 16 
Costa Rica 1962 88 75 
Ecuador 1963 86 12 
El Salvador 1963 89 10 
Guatemala 1963 90 12 
Honduras 1962 87 13 
Mexico 1963 86 14 
Morocco 1962 ·92 8 
Philippines 1963 86 13 
southern Rhodesia 1963 83 15 
sud an 1962 87 13 
Tanzania 1963 89 10 
Turkey 1963 90 14 
source: statistical.Year~, statistical Office 
of the United Nations. 
TA.BLE IX 
THE RELATIONSHIP BETWEEN GROSS NATIONAL INVESTMENT 



































sources: Federal Reserve Bulletin, Board of Governors 
of the-Federal Reserve System,and Economic 
Report of the President4 January, 1965, 
Executive Office of the President, Council 
of Economic Advisers. 
The same relationship is given in Figure II. Table IX 
and Figure 2 show that there is a very strong positive 
correlation between the Gross National Investment and the 
Gros.s National Product. The higher the level of the gross 
national investment.the larger the gross national product is .. 
Application of the linear regression analysis to the data 
given in Table IX gives a correlation factor, re= +0.98, 
between the gross national i:p.vestment and the gross national 
product. This relationship has both the characteristics of 
an association and the cause-effect relationship. In other 
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FIGURE 2. THE RELATIONSHIP Bln'WEEN THE GROSS 
NATIONAL INVESTMENT AND THE GROSS NATIONAL 








national investment its gross national product will increase, 
and, on the other hand, if the level of the gross national 
product is high, then the nation will be capable of making 
significant investments in agriculture, industry and com-
merce. 
7) The Effects of Colonialism: A great number of the 
underdeveloped countries at one time or another were colonies 
of the Western World. India belonged to Great Britain, 
Indonesia to the Netherlands, Northern Africa to France,Latin 
American countries to Spain. The colonial policies of the 
Western countries caused a deformed development in the under-
developed countries. In the eyes of colonialist Western 
nations, the underdeveloped countries were considered as 
enormous supply resources which would be exploited for the 
benefit of the mother countries• domestic industries. 
Consequently, under the impact of these policies, Malaya was 
transformed into a gigantic tin mine, the Arabic peninsula 
into an oil field, Indonesia into a vast tea and rubber 
plantation. It is now obvious that the colonial policies 
of the Western World created a lopsided, deformed economical 
development which most benefited the western nations, not 
the impoverished masses in the colonies. The expected 
result of these selfish policies is that almost every under-
developed country today is unable to produce a variety of 
goods in order to satisfy physical and spiritual needs of its 
people. Consequently, these unfortunate countries enter the 
international market with very few commodities and, in most 
instances, with only one basic commodity. Table X shows 
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this lopsidedu deformed development which took in the under-
developed and partially developed countries of Latin Americao 
TABLE X 
































































































source: The u. s. Book.of Facts, statistics and Information, 
1966 •. 
The effects of the colonialist policies of the Western 
World were so strong that even today Venezuella is dependent 
upon oil for ninety-two per cent of its exports7 Colombia on 
coffee for seventy-seven per cent of its exports7 Chile on 
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copper for sixty-six per cent of its foreign earnings: 
Honduras on bananas for fifty-one per cent of its exports, 
and Bolivia on tin for sixty-two per cent of its foreign 
earningso To some apologists and narrow-minded economists 
these developments may seem as the manifestations of a vigor-
ous, healthy international specialization of production and 
trade from which all sides concerned enormously benefit. How-
ever, reality has nothing to do with this rather shallow and 
subjective evaluationo An examination of Table X shows that 
a great majority of the basic products of Latin American 
countries are agricultural in nature, and all agricultural 
products have one common characteristic---the demand for 
agricultural products is inelasticc The reason for this in-
elasticity is that there are no good substitutes for agri-
cultural products. Consequently, the price elasticity of 
demand for these products is extremely low~ This inelastic 
demand for agricultural products means that buyers and con-
sumers are relatively indifferent to changes in the prices of 
farm productso If prices fall, corresponding increase in 
sales will be very insignificanto In Figure 3 such an in-
elastic demand curve is given for a given agricultural prod-
uct. For instance, if originally the price of this agri-
cultural commodity is OA, people will buy an amount equal to 
oc, and the total income from sales will be given by the area 
of the rectangle, ABCDo However, if prices fall from the 
first level, OA, to CC the units demanded will very slightly 
increase from OC to OE. In this second case the total in-
come from sales will be equal to the area of the rectangle, 
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EFGO a The area of rectangle EFGO is smaller than the area of 
the rectangle ABCO because the rectangle ABEK has a greater 
area than the rectangle KFGCa Consequently, then, a drop in 
prices will shrink the total income~ In other words, if the 
producers could restrict their supply, then they would be 
better off. However, as they generally compete with each 
other and try to sell as much as possible, they may increase 
the total production and bring it up to the level OJ. Con-
sumers in this instance, will be paying OH dollars for the 
agricultural products supplied and the total income for prod-
ucers will further shrink to the area of the rectangle HIJOo 
Under the inelastic demand conditions, it is not difficult 
to see why tons of Brazilian coffee will be dumped in these~ 
why American milk farmers will spill thousands of gallons of 
milk, why a bumper crop of wheat will be burned. Otherwise, 
prices will fall precipitously and demand will not rise 
proportionatelyo However, the basic industrial commodities 
that these underdeveloped countries so desperately need, yet 
cannot produce, have highly elastic demands. Their prices 
tend to be firm or to rise over the years, even if the sup-
plies of these industrial goods significantly increase. Con-
sequently, the result isthis---an underdeveloped country 
gives more and more of its basic agricultural commodities for 
less and less machineryo For instance, when agricultural 
commodity prices fell considerably in 1957, the poorer nations 
lost more in purchasing power than the aggregate amount of all 
foreign aid which they receivedo In simple words, the under-
developed countries subsidized the advanced countries. The 
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inelastic demand for agricultural products forces all under-
developed nations to seek and establish commodity stabiliza-
tion agreements which are fairly similar to the farm subsidy 
















FIGURE 3.., THE EFFECT OF INELASTICITY 
OF DEMAND ON SALES A.ND TOTAL INCOME 
Basic Factors Determining Underdevelopment 
Up to this point, the common characteristics of the 
underdeveloped countries have been explained in detail~ Now 
is is time to delineate the basic determinants of under-
development. These factors are closely intertwined with the 
common characteristics 1 and as a matter of fact, in some 
instances, it is almost i~possible to distinguish one from 
the other. A common characteristic appears as one of the 
determinants of the underdevelopment, and a determining 
factor becomes very easily a common characteristic. Conse-
quently, instead of a detailed explaination of the determi-
nants of the underdevelopment, a brief classification will 
suffice. The major virtue of such a classification is in its 
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virtual elimination of the danger of redundancy. The basic 
determining factors of the underdevelopment can be given 
schematically as shown in Figure 4 • 
SUPER STRUCTURE: 
1. Feudal and Semi-Feudal Classes 
a) landlords 
b) tribal chiefs IACTING 
c) religious leaders 
d) merchants 
e) poor peasants and poor workers 
2. Fossilized Feudal Traditions, 
Mores, and Value systems 
3. Unstable Political Regimes 
ACTING ON 
SUBSTRUCTURE: 
1. Agricultural Production 
a) surplus labor 
b) postage stamp cultivation 
c) one or two basic commodities 
d) low productivity 
2. Industrial Production 
a) non-existence of a dominant 
industrialist class 
b) lack of capital formation 
c) emphasis on consumers goods 
production 
d) low productivity 
e) paternalistic management-owner-
managernent identity 
3. Population, defies birth control 
4. Basic social Capital: insufficient 
roads, transportation, education 
and health facilities 




DEVELOPMENT OF MATHEMATICAL MODELS AND TOOLS 
In Chapter II, the common characteristics of the under-
developed countries and the factors which determine underde-
velopment have been explained. Notwithstanding all the 
handicaps mentioned, all the social and economical short-
comings delineated, it is the author's belief that all under-
developed countries possess the necessary ingredients and 
pote~tial for social and economical development. For this 
to be accomplished, it is necessary only for the capital 
formation to increase agricultural and industrial output a 
little faster than the population growth. This will generate 
a small surplus which should be used to create capital, so' 
that next year's output will be still higher. Consequently, 
a steady accumulation of capital will be created which will 
boost the agricultural arid industrial outputs. That partic-
ular point at which an underdeveloped nation becomes capable 
of forming capital at a rate slightly faster than population 
growth ·is generally called the 11 take-off 11 point. 
According to the estimates made by the United Nations, 
there are at least twenty underdeveloped countries (whose 
total population is more than half the population of the 
entire underdeveloped world), in which disciplined, vigor-
ous~ scientific and objective ten year planning can bring 
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economic development to the point of 11 take-off 11 • Once this 
stage is reached, the possibility of a large-scale accumu-
lation of capital will be at hand and the poverty that exists 
in the underdeveloped countries will finally be eliminated. 
Essentially, then, in order to grow, an underdeveloped coun-
try must build and accumulate capital. However, a theoret-
ical solution in some cases may not be practical at all. How 
is it possible for an underdeveloped country in which eighty 
per cent of the population is struggling for a bare subsist-
ence to build dams and roads, to construct factories, houses, 
health and educational facilities, to improve the transport-
ation and communication systems, to increase agricultural 
and industrial productivity and aggregate output? If it is 
remembered that almost all underdeveloped countries have un-
employed factors of production, it may be possible to devise 
a solution to the underdevelopment problem of these unfor-
tunate countries. The major unemployed factor is the surplus 
agricultural labor which in actuality diminishes the produc-
tivity of the agriculture and the total agricultural output. 
It was mentioned previously that a smaller number of peasants 
working and tilling the same fields can raise the total agri-
cultural output. A.n experiment carried out by the American 
College near Cairo, Egypt, proved that the existing agri-
cultural output could be produced by about half the present 
rural population of Egypt. This may be an extreme case. 
However, it is possible to apply the conclusions of this 
experiment to almost all underdeveloped countries at least 
in a limited scopeQ This observation leads to the conclusion 
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that at least gradually the number of tillers of the soil can 
be reduced, a labor force can be created for industry and for 
building social capital in terms of dams, road,s, schoolsq 
small hospitals, et cetera. such a development will not 
cause a diminution of agricultural output provided that the 
lands are not sparsely settled. For, if the lands are 
sparsely populated; there will be no surplus ·population on 
the farms. In that case, a surplus farming population can be 
created by raising the agricultural productivity through the 
use of better seeds; more fertilizers, better technology and 
modern production methods. After this initial step, the 
surplus labor which is created can be channelized toward 
building industrial and social capital. This last method has 
been used very effectively in almost all advanced nations and· 
particularly in the United states. Table XI shows the 
enormous significance of increased productivity in creating 
a su;rplus farm labor which in·turn will be one of the major 
components of the expanding industry. 
From Table XI it can be seen t·hat the index of farm out-
put in the United states increased 137-28 x 100 = 389 per 
28 
cent in the years between 1930 and 1964. Corresponding to 
this tremendous increase in agricultural productivity, farm 
population decreased 30.5 - 13.0 x 100 = 57m5 per cent in 
30.5 
absolute magnitude and 24.9 - 6.8 x 100 = 72.8 per cent with 
24.9 , 
respect to the total population. At the same time, total 
farm output increased 1116i 61 x 100 = 82 per cent. 
As mentioned above, this remendous change in the total. 
structure of economy was carried out by increasing the size 
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of agricultural units, by using better seeds and more ferti-
lizers and mechanized farming~ statistical data very clear-












THE EFFEcr OF INCREASED PRODUCTIVITY IN 
AGRICULTURE UPON THE FARM LABOR 
FORCE IN THE UNITED STATES 
Farm Index of Man...;hours 
Farm Population Farm Farm of Labor·· 
Population as% of output output Required 
(in millions) Total per Index on Farms 
Population Man-hour (in millions) 
30.5 24.9% 2.8 61 22,921 
_30.5 23 .. 2 36 70 20,472 
23.0 15. 3 61 86 15,137 
19.1 11.6 80 96 12,808 
15.6 8.7 115 106 9,825 
14.8 8.1' 120 107 9,473 
14~3 7~.7 127· 108 9,060 
13.4 1 ~:0 135 il2 8,821 
13.0 -6.,s·· 137 111 8,571 
source: The U. s. Book of ·Facts, Statistics and Information, 
1966, pp. 614 and 645. 
Table XII shows that the total number of farms in the 
United States decreased 39o4 per cent between the years 1940 
and 19598 This was due to the decreased number of relative-
ly smaller agricultural units~ The number of all farm units 
whose sizes were below 260 acres decreased considerablyG The 
number of farms whose sizes varied between 260 and 499 acres 
remained relatively stable with an insignificant increase of 
2~6 per centg Whereas, farms whose sizes varied between 500 
and 999 acres and 1 .• 000 acres and over increased twenty-two 
a.nd thirty-four and eight tenths per cent 0 respectively .. The 
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logical conclusion that can be derived from this statistical 
data is that smaller units were incorporated into larger 
units, farm sizes approached optimal sizes and mechanized 
agriculture became the major type of operation@ Table XIII 
shows the extent of mechanization in agriculture. It can be 
seen in Table XIII that the value of farm implements increased 
656 per cent between the years 1940 to 1964 .. Farmers 0 expend-
itures on motor vehicles and machinery and equipment increased 
366 and 683 per cents, respectively, during the same period. 
TA.BLE XII 
F ARMS---NUMBER AND A.CREAGE BY SIZE 
OF FARM, 1940 to 1959 
Size of Farm 1940 1950 1954 1959 
Under 10 acres 506,402 484,914 484, 291 240,733 
10 to 49 acres 1,780,260 1,477,850 1,212,831 811,202 
50 to 99 acres 1,291,048 1,047,801 864,063 657,685 
100 to 179 acres 1,309,741 1,102,562 953,109 772, 241 
180 to 259 acres 486,336 487,325 463,698 414,373 
260 to 499 acres 458;787 478,084 482,296 271,396 
500 to 999 acres 163,694 182,264 191,697 199,965 · 
1,000 acres & over 100,531 121,362 130,481 136,269 














source: The u. s. Book of Facts, statistics and Information, 1966, 
~614. 
P,n increased utilization of commercial fertilizers 
accompanied the increased mechanization in agriculture as 
shown in Table XIV .. According to the statistical data given 
in Table XIV the quantity of commercial fertilizers consumed 
in American agriculture increased 29, 256 - 8, 556 x 100 = 241 
8,556 
TABLE XIII 
FARM MACHINERY AND EQUIPMENT---1940 TO 1964 
Item 1940 1950 1955 1960 1961 1962 1963 1964 
Value of Farm Implements 
& MaChinery*(millions 
dollars) 3,060 12,166 18,595 22,344 21,977 22,499 23,306 24,082 
Number on Farms, Jan. 1: 
Tractors U,000) 
Motor Trucks (l,000) 
Automobiles · (1, 000) 
Grain Combines (1, 000) 
Corn Pickers (1, 000) 
Pickup Balers (1, 000') 


































































Machinery & Equipment 
(millions dollars) 
384 1,734 1,482 1,224 1,471 1,579 1,743 1,785 
241 1,418 1,278 1,483 1,457 1,475 1,692 1,890 
* includes family automobiles 
**excludes family automobiles 
















per cent. All these developments in American agriculture 
created a surplus of farm population which has been attract-
ed to the non-agricultural sectors of the economy by a com-
bination bf material and non-material incentives. This trend 
is still in operation in the United States. In other words, 
the farm population is shrinking both in absolute and rela-
tive numbers, whereas, agricultural productivity and aggre-
gate agricultural output are increasing. Consequently, at 
the present time one person who is engaged in agricultural 
production is feeding twenty-seven other persons. Unfortu-
nately, in most of the underdeveloped countries this value 
is only 1 to 1.5. In other words, a peasant in an under-
developed country can feed only himself and one additional 
person. Table X:V shows to what extent agricultural product-
ivity has been increased in the United States. From the 
investigation of the statistical data concerning American 
agriculture one central fact emerges. Whether the country 
side is overpopulated or not, a surplus population can be 
created by increasing the productivity in agricultureG As 
mentioned previously, this can be accomplished by a combi-
nation of various methods and techniques such as: a) crea-
tion of larger farms, b) use of better seeds,and c) utilization 
of better technology. However, even if the agricultural 
productivity is increased, the totality of the socio-economic 
problems will not be solvedo As a matter of fact, a new and 
potentially very explosive social problem will emerge---the 
problem of saving part of the increased agricultural product. 
In other words, the problem of preventing the remaining farm 
TABLE XIV 
COMMERCIAL FERTILIZERS---QtJANTITIES CONSUMED 
1940 TC 1963 



























source: The u. s. Book of Facts, statistics 
and Information-;-1966~, p. 629. 
TABLE XV 
PERSCNS SUPPORTED BY PRODUCTION OF ONE FARM 
WORKER---SELECTED YEARS, 1820 - 1961 
Year 
Persons Supported 




























source: Agricultural outlook Chartbook,1962 




population from consuming the larger crop, for it is obvious 
that the peasant who remains on the soil will attempt to 
raise his living standards by increasing his consumption. 
However, if this natural tendency is not curbed, then there 
will be no possibility whatsoever of creating a surplus farm 
labor. For then, it will be impossible to feed the formerly 
unproductive peasants who are now employed in non-agricul-
tural occupations. Therefore, the gain in agricultural out-
put per cultivator will have to be taxed from the farm. It 
is somewhat utopian to expect that the hungry peasant will 
give up this gain in agricultural production voluntarily. It 
is imperative, then, for a central decision making body, in 
other words, central government to interfere and by taxation 
or exaction transfer this gain from the agricultural areas 
to other sectors of the economy in order to be able to feed 
the industrial workers, technicians, engineers, managers, et 
cetera. Consequently, during the early stages of an econom-
ical development plan, there will not be any significant in-
crease in the peasant's food consumption, for the government 
will see to it that the newly added productivity is not con-
sumed by the peasant, but is transferred to non-agricultural 
sectors in order to support industrial workers who are busy 
in building capital for the society. A logical conclusion 
of this argument is the necessity of a strong and public-
minded government. In such a crucial development, market 
mechanisms will play a secondary role, because adjustments 
made by these mechanisms are time consuming and difficult to 
endure. 
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Once the existing or created surplus farm labor is 
channelized toward non-agricultural sectors of the economy, 
the industrialization process will begin. However, this 
increased industrial population will definitely need equip-
ment to work with, and as mentioned previously, all under-
developed countries possess very insignificant amounts of 
capital equipment. Consequently, parallel to the domestic 
equipment formation, additional amounts of equipment will 
have to be obtained from abroad. How can an underdeveloped 
country obtain equipment from outside? a) It can purchase 
this equipment from industrialized nations by foreign trade, 
in other words, for instance, by exchanging bananas for 
tractors. b) It can receive the industrial equipment by 
foreign investment. However, this method has obvious handi-
caps, for it jeopardizes the national integrity and independ-
ence of thP underdeveloped countrieso Futhermore, the 
advanced nations prefer to make their industrial investments 
in other industrially advanced countries, as was shown 
previously. c) It can buy the industrial equipment it needs 
by a grant or loan from an advanced nation. This method also 
carries most of the shortcomings of method b), and futhermore, 
the total foreign aid after the second World war to the under-
developed countries is totally inadequate. For instance, in 
the years 1945 to 1967, the total military and economic aid 
given by the United States to all advanced and underdeveloped 
nations totals seventy billion dollars. Approximately half 
of this aid is in terms of military equipment. Therefore, 
the total economic aid is approximately forty billion dollars. 
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Divided into twenty years, this gives two billion dollars of 
economic aid per year. If the foreign aid of other advanced 
nations are also added to this figure, the result is five 
billion a year. This figure, gigantic as it may seem, is 
not more than two or three per cent of the total output of 
the underdeveloped world. Consequently, foreign aid cannot 
be considered a panacea. 
Then we have t6 conclude that the economical develop-
ment of an underdeveloped country will have to basically 
depend upon its own efforts, upon its own discipline, vigor 
and enthusiasm, on its own dedication and sacrifices. Foreign 
aid, foreign investment and foreign trade which can be uti-
lized effectively to a certain degree will still play second-
ary roleso 
After this preliminary discussion, the objective as-
sumptions which will be used in our mathematical models are 
listed as follows: 
l. In all underdeveloped countries a surplus farm labor 
either exists or can be created. 
2. Reallocation of this surplus labor from agricultural 
to non-agricultural occupations does not cause a diminution 
of the total agricultural outputo 
3. Considering the overpopulation on the farm, postage 
stamp cultivation, the workings of diminishing returns, it 
is safe to assume that the reallocation of the surplus farm 
labor will, as a mater of fact, cause an increase in the 
total agricultural outputo 
56 
4. A public-minded, strong central government which has 
both persuasive and coercive powers in preventing the farm 
population from consuming the gain in agricultural production, 
does exist. 
5. The aggregate annual agricultural production is to 
be shared and divided among three distinct and different 
categories: a) for consumption purposes, b) for next year's 
agricultural product, and c) for foreign trade ( if the productiv-
ity level allows ).P 1.-: 
6. If birth control methods are not employed, population 
increases continuously at a constant annual rate. 
7. Agricultural production increases as in the case of 
compound interest. 
8. The economyus output rate at time, t, can be ex-
pressed by a production function, Yt, which incorporates 
various inputs actually used in production and the major 
forces effecting the productivity of these inputs. 
Production Function 
The production function of the economy is given by the 
relation, Yt = f (Kt, Nt, Lt, St, Ut) (1) 
in which Kt denotes the amount of services of the economy 1 s 
capital stock at time, tr Nt denotes the rate of use of 
natural resources, Lt stands for the employment of the labor 
force1 St represents society's pool of applied knowledge1and 
Ut represents socio-cultural environment within which the 
~ccnomy operates. The last input factor, Ut,signifies the 
fact that the output rate of an economy is very much effected 
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by society's super structure composed of traditions, values, 
mores, history, and et cetera. At this stage one point must 
be emphasized: the variables Kt, Nt, Lt, St, and Ut are not 
independent of each other. As a matter of fact, their rela-
tionships to each other will be demonstrated in the further 
development of the productive function. It is obvious that 
the production function defined in terms of variables of Kt, 
Nt, Lt, St and Ut cannot be a function which incorporates 
all the inputs of the economy, all the quantitative and 
qualitative production factors. Consequently, it is a rather 
simple one. Futhermore, the exact determination of its 
variables is no easy task. Particularly in the case of the 
variable, Ut, which represents the society's socio-cultural 
environment in which the economy operates, this task is ex-
tremely difficult, if not impossible, for Ut is a qualita-
tive factor, not a quantitative one. However, in represent-
ing the workings and interactions of the most important 
production factors, production function, Yt, in its given 
simple form will be of great value. 
In order to facilitate an understanding of the produc-
tion function each input factor will be considered as a multi-
component value rather than a single number. Consequently, 
the economy's capital stock can be defined as: 
Kt= (Kit, K2t, K3t,• 0 •Kjt••••Kpt) 
where Kjt represents the j th type of capital equipment in 
use at time, t. In the same fashion, it can be written: 
and. 
Nt ~ (N1t, N2t, N3t, ••• Njt,•••Nqt) 
Lt= (Llt• L2t, L3t,•••Ljt••••Lrt> 
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In these expressions given above, Njt and Ljt are the quan-
tity of the j th kind of natural resource and the j th grade 
of labor employed at time, t, respectively. 
Quantifying the last two input factors, St and Ut, is 
much more difficult than quantifying the first three input 
factors 0 for St and Ut which stand for society's pool of 
applied knowledge and socio-cultural environment at time, t, 
respectively, are of qualitative nature, as mentioned pre-
viously. The main purpose for introducing these factors is 
to aid the conception of totality of the production process. 
St and Ut represent factors whose effects in economic devel-
opment is vital, but whose quantification is possible only 
in a ordinal sense. It is obvious that an inventory or 
classification system, as in the case of purely physical 
inputs, Kt, Nt and Lt cannot be used here. However, it is 
also obvious that the variable, st, which represents the 
society's pool of scientific, technical and organizational 
knowledge is a multi··dimensional value as in the case of Kt, 
Nt and Lt• Each component of input factor, St, represents 
a particular kind of technical, organizational or scientific 
knowledge and skill at time, t. By introducing input factor, 
St, into the production function, it becomes possible to 
analyze changes in the productivity of land, labor and 
capital, which are not due to quantitative variations in 
their rate of use, for the simple reason that with a fixed 
total employment of resources a redistribution, a realloca-
tion of the physical inputs among various branches of the 
industry, a greater efficiency of production can be obtained. 
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The last variable, Ut, stands for the totality of social, 
cultural and institutional relationships of the society. In 
other words, Ut reveals whether the economy is basically 
competitive, monopolistic, oligopolistic, capitalistic, 
socialistic, communistic, et cetera. As in the case of St, 
changes in Ut may make independent contributions to the 
aggregate output of the economy, even if the amounts of the 
physical input and the state of technology are held constant. 
In that respect, Ut can be considered as a multi-dimensional 
value, whose components represent the various socio-cultural 
features which effect the entire economy at time, t. 
After introducing and briefly explaining the basic 
production factors, the rate of growth of real income of the 





~ 6Y x 6s J + 2- 6 Y x 6u i 
j== 1 6s j 6t J= 1 6u j 6 ( 2) 
( 2), 6.Y_, ~. ~,, 6.Y_, and~ represent the 
6,K j 01.,. j ui., j ' 68 j ou j 
marginal physical products of the j th type of capital 6 lan~ 
labor, technology and institutions, at a given timeu t. 
If is negative, it will be understood that 
the changes in the socio-cultural environment in the under-
6K 6NJ 6LJ developed countries are growth-inhibiting. ~4, ,6t , ,6t , 
~~j, and ~~j represent, respectively, the rate of capital 
accumulation, the rate of change of natural resources, the 
rate of increase of the labor force, the rate of introduction 
of innovations and the rate of change of the socio-cultural 
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environment with respect to time. 
In order to express the interdependency of input factors, 
the following equations can be developed: 
~~j = k ( Y, K, N, L, S, u, t) j = 1 •••Ip ( 3) 
~~j = n ( Y, K, N, L, s, u, t) j = 1 •••I q (4) 
~tj = 1 ( Y, K, N, L, S, u, t) j = 1 • • • 'r (5) 
~€j = s ( Y, K, N, L, S, U, t) j = 1 ••• 'v (6) 
~~j = u ( Y, K, N, L, S, U, t) j = 1 •••I W (7) 
Equation (3) which represents the capital accumulation factor 
incorporates various factors, such as society's ability to 
save, its willingness to invest, the effect of socio-cultural 
environment, et cetera. Equation ( 4) which stands for re-
source change, exhibits the effects of population pressure 
upon new resource di.scoveries (through 1), the influence of 
technological change on the resources levels (through s), the 
impact of the socio-cultural environment upon the utilization 
of the natural resources (through u), et cetera. The same 
type of interdependence among all basic production factors 
also exists in equations (5), (6) and (7). 
Finally, it can be concluded that the growth and econom-
ical development of any underdeveloped country can be ex-
plained in terms of equations ( 1) and ( 3) through (7). A.s 
equation (2) is obtained by differentiating equation (1), it 
cannot be considered as an independent equation. If equations 
(l) and (3) through (7) are given, then the rate of economic 
development ~ f can be determined by solving these equations 
simultaneouslyo In this case, there are p + q + r + v + w+l 
equations and an equal number of unknowns where solutions 
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will give Y and every component of the vectors K, N, L, S, 
and U as functions of the time. However, it is a well known 
fact that the solution of a large set of simultaneous equa-
tions is an extremely difficult and rather cumbersome process, 
if these equations cannot be reduced into relatively simpler 
forms. In this initial study, it will be assumed that this 
simplification process is possible, which will give the 
following explicit solution: 
(8) 
In equation (8) which represents the rate of output of the 
economy, K0 , N0 ~ L0 , and s0 stand for the utilization of 
capital, natural resources, labor and technological know-
ledge and skills, respectively, at t = 07 and U0 represents 
the state of the socio-cultural environment at the beginning 
of the implementation of the economic development program. 
K0 , N0 , L0 , s 0 and U0 are the initial conditions in a given 
underdeveloped country. The aj coeficients represent various 
combinations of initial conditions and timeo They can be 
referred to as structural parameters. If all the partial 
derivatives of Y with respect to independent variables (ex-
cluding time) vanish, as well as the partial derivatives of 
Y with respect to time, the economy will be in a stationary 
state. Otherwise, it is in a state of definite growthv 
An advantage of equation (8) is that it clearly shows 
that two economies similar in initial conditions may possess 
entirely different structural parameters and, consequently, 
conform to dissimilar development patterns. On the other 
hand, in the case of two economies with idential structural 
62 
parameters, if the initial conditions are not the same 0 the 
whole development pattern once again will be very different~ 
For instance, assuming that capital accumulation, technolog-
ical processu et cetera are the same for two economies 0 yet 
one of them is overpopulated with poor natural resources and 
the other has an optimal population as well as considerable 
natural wealth 0 their development pattern will definitely 
diverge., 
Transition from a Basically A.gricultural Economy 
to an Industrial Economy 
In the preceeding section a general, abstract produc-
tion function was defined and its basic components 1 K, L, N0 
S, and U0 which stand for society 0 s capital 0 labor force 0 
natural resources 0 its pool of technological knowledge and 
socio-cultural environment, respectively 0 were describedo In 
this section mathematical analysis will be focused on the 
combination of the production factors 0 Land N~ The labor 
force initially will be represented by the agricultural 
population and N will symbolize the agricultural resourcesQ 
' . . 
Furthermore, in compliance with initial assumptions which 
were made at the beginning of Chapter III, population increase 
will be represented with a continuous compounding interest 
formula and the increase in agricultural production will be 
expressed by compound interest functiono The validity and 
the accuracy of these two last assumptions will be checked 
and verified by statistical data~· 
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A. Mathematical Approach in Population Estimates 
If the population of an underdeveloped country before 
the implementation of the economic development program is 
represented by P0 and the population increases annually with 
a constant rate of ¢p continuously, then, n years later the 
population, Pn, will be 
Pn = Poen ¢p ( 9) 
consequently 0 
' 
LnPn = LnP0 + ¢p n 
if Y is substituted for LnPn and LnPo = C, then 
Y = C + ¢p n (10) 
which is the equation of a straight line. Application of the 
method of least squares to equation {10) will give 
C = Ln 
and, ¢p = 
P0 = Y - ¢p n 
.L.n° ; 
L (n) 
in which n• = n - n and y = Y - Y. Determination of ¢p and 
LnPo by the method of least squares will also determine the 
best straight line that fits the population data. In order 
to prove the validity of equation (9), real population data 
will be used. See Table XVIo 
Y = 186.92261 
(n ?2 = 110 
n 1y: 3.25308 
y = 11 = 16.9956 
ri = ii = 5.oo 
Finally ¢ = ~ = 3.25308 = 2Q95735 %, which equals the 
'· P 110 
annual rate of population increase. 
LnP0 = Y - ¢p ii=· 16.99560 - 2° 957 35 x 5 =16.84773 lOO 
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16o84173u thereforeu 
Pn = Poen ¢p ( 11) 
Pn = (20,774 0 144) en x 0.,0295735 
If the population is estimated by using equation {11) the 














POPULATION INCREASE IN TURKEY 
Population 
Pn 
LnPn = y,, n• = n-n n• 2 y = Y-Y n•y 
20,497 x 103 16.83578 ··-5 .oo 25 -0.15982 0.79910 
21,536 x 103 16.88058 -4.00 16 -0.11502 0.46008 
22,142 x 103 16.91294 -3.00 9 -0.08266 0.24798 
22,765 x 103 16.94073 -2.00 4 -0.05487 0.10974 
23,406 x 103 16.96851 -1.00 1 -0.02709 0.02709 
24,065 x 10 3 16.99561 o.oo 0 0.00001 0.00000 
24,775 x 103 17.02534 +l.00 1 +0.02974 0.02974 
25,506 x 103 17.05444 +2.00 4 +0.05884 0.11768 
26,258 x 103 17~08348 +3.00 9 +0.08788 0.26364 
27,033 x 10 3 17.11257 +4.00 16 +0.11697 0.46788 
27,830 x 103. 17.14163 +5.oo 25 +0.14603 o.73015 
TABLE XVII 
COMPARISON OF EST IMA.TED POPULATION 
WI'l'H A.C'I'UA.L POPULATION 
Estimated Actual Per Cent 
n Population Population Error{%) 
0 20,774,144 20,497,000 -1.,352 
1 210459,470 21 0 536 0000 +O .. 355 
2 22 0 028 0 515 2201420000 +0 .. 513 
3 22 0 669,050 22 0 765,000 +0.421 
4 2303980545 2304060000 +0 .. 245 
5 24 0 065 0 000 240065,000 0 .. 000 
6 24,7780266 24,775,000 =0.,013 
7 25,513,769 25,506,000 -00030 
8 26,280,379 26,258,000 =0.,085 
9 27,069,202 27,0330000 =0.134 
10 27 0 883 0388 27,830,000 =0 0 192 
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In order to reinforce the conclusions given above 0 the 
same type of reasoning will be applied to another set of 
population data 0 as shown in Table XVIII .. It is evident 
that the application of equation (9) to actual population 
data gives very accurate resultso 
TABLE XVIII 
POPULATION ESTIMATES ABOUT SOVIET UNION 
End Actual Estimated Per Cent 
of Population Population Error(%) 
Year (in millions) (in millions) 
. 1945 175GOO 175 .. 00 o.oo 
1950 182 .. 30 188 .. 00 -3.13 
1955 197.00 202.00 -2 .. 54 
1960 207 .. 10 211.00 -l.88 
1965 233.70 233.70 o.oo 
A Mathematical Approach in Agricultural 
Production Estimates 
If the aggregate annual agricultural production of an 
underdeveloped country, before the implementation of the 
economic development program 0 is represented by Q0 and accord-
ing to the development program it is estimated that Q0 will 
increase annually with a constant rate ¢0 , then n years later, 
the aggregate annual agricultural production will be 
(12) 
As in the case of equation {9)u the validity and the accuracy 
of equation (12) will be checked by statistical data .. 
In Table XIX it can be seenu excluqing the year 1941 
where a significant drop in tobacco production occured due to 
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unusual climatic conditions, application of equation (12) to 
the statistical data gives accurate resultsG In order to 
reinforce the contention about the reliability and the valid-
ity of equation (12), another attempt will be made by using 
the statistical data concerning the farm output in selected 
years in the United States .. If equation (12) is applied to 
American farming, the results are obtained as shown in Table 
xx. 
TABLE XIX 
TOBACCO PRODUCTION IN SELECTIVE YEARS 
IN TURKEY 
End of Actual Calculated Per Cent Error Year Index Index (%) 
1937 100.00 100.00 o.oo 
1938 104.42 104.74 -0.31 
1939 107.07 109.70 -2 .. 46 
1940 116.36 114.90 +1.25 
1941 108.98 120. 34 -10.42 
1942 131.91 126.04 +4.45. 
1943 132.07 132,.07 0,.00 
TABLE XX 
FARM OUTPUT IN SELECTED YEARS IN THE UNITED STATES 
End of Actual Calculated Per Cent Farm Output Farm Output Error Year Index Index (%) 
1950 86 86 o.oo 
1955 96 95 +1 .. 44 
1960 106 105 +0 .. 94 
1961 107 107 OoOO 
1962 108 109 -0 .. 93 
1963 112 111 ~0.89 
1964 111 113 -1.,08 
On= 111 = Q0 (1 + ¢ 0 )n ~ 86 (1 + ¢ 0 ) 14 
( 1 + ¢0) 14 = ~~l = 1 .. 30 /. ¢0 = 2 .oo % 
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Table XX also shows the validity and reliability of 
Equation (12) whose application to statistical data yield 
very insignificant errorsG After the verification of equa-
tions (9) and (12), which will be used as mathematical models 
in this study, it can be possible to proceed to the construe-
tion of a general model about the aggregate agricultural out-
put in an underdeveloped country. 
MATHEMATICAL MODEL I 
End of Aggregate Total Total non- Total 
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k Qo(l + ( l -)k)P0 e P . . .. 
• 0 ~ Q . 0 
¢o)n p en¢p PnP0~n¢p -,.µn>PoeP¢p n Q0 (1 + {l 0 
Pk is a factor whose multiplication with the total 
population at the end of the k th year gives the total non-
agricultural population at the end of .the same year .. Aggre-
gate annual agricultural production wi.11 be divided into 
three different parts for the following purposes: a) for con-
surnption1 b) for next year I s planting1and c) for foreign trade 
(export). This division of the aggregate annual agricultural 
• 
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product is in compliance with basic assumptions which were 
made at the beginning of Chapter IIIa The portion saved for 
the following year's planting (starting with the intital 
conditions) will be designated as QQ0 .. Consequentiy,Q0 - OQ0 
equals Q0 (1 -11 equals that portion of the aggregate annual 
agricultural production kept for consumption and foreign 
trade. Let l - 6= k, then, 
Q0 ( l - 0) = k Q0 ( 13) 
This amount, k Q0 , will be divided into two parts 0 one for 
consumption, the other for foreign trade. Let2,0 k Q0 repre-
sent the amount to be exported. Then the amount for con-
sumption will be k Oo-3kQ0 =.=kQ0 ( 1--30 )-., In other words, the 
aggregate annual agricultural product has three components: 
Q0 = (1 - k) Q0 +'3'0 k Q0 + (1 -30 )k Q0 (14) 
in which Q0 , ( l - k)Q0 , 0 0 k Q0 , a.nd ( 1 ~00 )k Q0 represent 
aggregate annual agricultural product, amount for following 
year's planting, amount for foreign trade, and amount for 
consumption, respectivelye 
According to the Mathematical Model Iu consumption per 
capita of the agricultural products, for the intital condi-
tions 0 is 
' 
C 1 - 3 0 ) k 00 · = )\ 0 
Po 
( 15) 
n years after the implementation of the economical develop-
ment program, the consumption per capita of the agricultural 
products is 
( 16) 
assuming that k values are the same for both the initial and 
final conditionso The per capita consumption at the end of 
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then th year with respect to the initial per capita consump-
tion is 
(l -3n) k 0 0 (l +¢o)n P0 (l-3n)(l+¢of 
---P~---- x (l -30 )k 0 0 = (1-3 0 ·~ en¢p = 
( 17) 
Equation (17) can be used to express different conditions and 
different developments. These various conditions are con-
sidered in the following caseso 
1. Initial conditions and following developments do not 
permit the underdeveloped country to exhange part of its 
agricultural products for industrial products between the 
years O and n~ In other wordso 30 = ]l = e ... 3n = O. 
2. Consumption per capita at the end of the n th year is 
the same as in the ini tia.l year, namely, ./\ n = /\ 0 or ~ ~ = l m 
Under these conditions Equation (17) is reduced to the sim-
plest form, l -3n (1+¢0 )n ?\n (1+¢o)n 
l - 3 0 x enlzSp ___ = ;?\ 0 = 1 ensz3p :; 1 ( l 7 Ga) 
Cage B~ 
1 .. At the end of then th year, the underdeveloped 
country is capable of exchanging part of its agricultural 
products for industrial goods, whereas 0 initially this was 
impossiblee In other wordsu.3"o = 0, but"3n I Oo 
2o Consumption per capita through the period stays con-
stant, namely, 7' 0 = An or /\n = 1., Under these particular /\0 
conditions 
l - 3 n 
1 - 3o 
Equation (17) is reduced 
( 1 + ¢o)n /\ n 
x n¢ = ~ = 1 • ".. ( 1 
e P /"O 
to 
-3n) ( l + ¢o)n 
en¢p 
(17 .. b) 
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Case C: 
le All throughout the period, no portion of the agri-
cultural products could be exchanged for industrial goodse In 
other words, again 3 0 = 3 1 - - 3 = 0. - ••• - n 
2. Consumption per capita at the end of then th year 
is higher than the initial one, namely, /\n) 7\ 0 or ~ ~ ) 1. 
Under the.se particular conditions, Equation ( 17) becomes 
.. ( l + iz$o) n 




2. /\n ) /\ 0 or ?'-- 0 > 1. Under these conditions 0 
Equation {17) becomes: 
With the aid of Equation (17) arid its special cases, Equa-
tions (17 .. a), (17 .. b), (1'7.,c) and (17 .. d) 0 different problems 
confronting an underdeveloped country can be solved mathe-
maticallyo The application of these equations to actual 
problems will be made in Chapter IV .. 
General Mathematical Model I, which has been developed 
in this chapter, exhibits the general development character-
istics of the agricultural sector of an underdeveloped 
country .. An attempt will also be made to develop another 
model which can incorporate and express per capita productiv-
ity in agriculture .. 
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MATHEMATICAL MODEL II 
Totaf"· Agricultural 
Aggregate Annual End of Population Production 
Year in per capita Agricultural 
Agriculture Farm Labor Production 
0 ( l -:fao)P0 ao ( 1 -))o) P0 ao 
l ( l -;})1) P oe¢p a1 ( l -)A1) Po ef6p a1 
2 ( l -))2 )Poe2¢p a2 (l o;)A 2) P0 e 2¢p a2 . . • . • . • . 
n {l -.J-An) Poen¢p an (1 :}}n)Po en¢p an 
A.s in the case of Model I O . it will be assumed that aggregate 
annual agricultural production will be divided into three 
different parts: a) a portion for the following year 0 s plant-
ing, b} a portion for total consumption 0 c) another portion 
for foreign trade (export). The portion kept for the follow-
ing year 1 s planting (starting with the initial conditions) 
will be designated as '(( 1 -~0 ) P 0 a 0 • Consequently O that 
portion kept for total consumpt,ion and foreign trade will be 
(1 -.}-Ao) Poao - 0< 1 -,)-Ao> Poao -
(1 - '() ( 1 -_)-,4 o> Poao~ Let 1 -a= k, 
then (1 -()(1 -.),1 0 ) P0 a0 = k ( 1 -/0 ) Poao• This amount 
will be divided into two partso one for total consumption 0 
the other for foreign trade., r.Jet. 3 0 k. ( l .... ,,u0 ) P0 a 0 repre-
sent the amount to be exportedw Then the amount for total 
consumption will be 
k ( 1 -_...M0 )P0 a0 - 3 0 ( 1. -?0 )P0 a0 -
(1 -....M 0 )(1 -30 ) k P0 a 0 
In other words, the aggregate annual agricultural output has 
72 
three components 0 
( 1 ~:)~) P0 a 0 a: ( l -k)( 1 7 A,b) P0 a 0 + 30 k( 1-/·b) P 0 a 0 + k( 1~0 )( l-j0 ) P0 a 0 
in which (l-.)A.0 )P0 a0 v k(l ~ 0 )P0 a0 o 3"0 k(l~0 )P0 a0 , and 
k { 1 -/'1 0 ) ( 1 -30 ) P0 a0 represent aggregate annual agricul-
tural output, amount tor following· year's planting O amount 
for foreign trade (export), and amount for.-total consumption 1 
respectively .. 
According to the Mathematical Model II 0 consumption per 
capita of the agricultural products 0 for the initial condi-
tionsp is 
( 18) 
n years after the implementation of the economic development 
program 0 the consumption per capita of the agricultural 
products is 
k ( 1 .,,Un)( 1-3 n) P 0 en¢p an 
-----P~eniifp--·--
assuming that k values ax:e the same for both the initial and 
final conditionso Then per capita consumption at the end of 
yearn with respect to the initial per capita consumption is 
(20) 
Equation (20) can be used to express various conditions and 
developments., As in the case of Equation (17), these con ... 
dtions from the simplest to more complicated are given belowG 
~L~ .. 
lo No exports of agricultural products throughout the 
period of economic development will be made. In other wordsu 
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2. consumption per capita during the economic develop-
ment is held constant, namely, An= /\ 0 or An = 1. under 
?-.o 
these conditions Equation (20) is reduced to the simple form 
( 1 -./An) ( 1 -3n> 
-r,--- x -r-----
\ J. :Po> \ 1 -3o> 
Case B: 
1. 3 0 = 0, 3n I o. 
(l '7"&) 
= 1 = (1-:f"o) 
2 .. Ao= '/\n or ?\ n = 1. 
7'0 
Under these conditons, Equation (20) gives 
{20 .. a) 
( 1 -..-Mn) ( 1 -Jn> an An ( 1 -:),In) an 
(1 ~o> x (l-30> x ao = ?\~ = 1 = (1-.-Mo> (l -°5n)ao =l (20.b) 
Case C: 
l. 3o=:31=oeap3n=0 
2. An> Ao or ~n > l, in other words, consumption 
i>-,.o 
per capita is increasing. Under these conQitions, from 
Equation (20), the following is obtained: 
(1-)'ln) (1 .... Jn.) an /\n (1-Pn> a ~ ----.- x x - x n - ,., n Tl-;A;f 11-301" ·a;= ~o - rr.;u~ a0 - ~ ( 20 .c) 
£!!!.J?.t 
l. 3 0 = 0, 3n ~ 0 
211 ~ n > 'A,0 or ~ > l 
Under these conditions :Equation (20) becomes 
(l ~) (l ..J'~ an ?\n (l-/""n) ., •n ~ · 
R~ x rr=,•• x ·-- = -- Ill ;;,~·( l -:Jn>-. ~ , • ,01 ...... ...,o •o "o C 1- 0 ao , .. o 
It will be assumed that equation (20,.d) is the most rt11a.listic 
one for an underdeveloped country~ The rearrangement of 
Equation (20.d) gives the certain relations by which basic 
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factors of the agricultural economic development of an under-
developed country can be estimated. The practical applica-
tion of Equation (20.d) to actual development problems will 
be given in Chapter IV. 
CHAPTER IV 
APPLICA.TION OF THE MATHEMATICAL MODELS AND 
TOOLS TO A.CTUAL DEVELOPMENT PROBLEMS 
CONFRONTING UNDERDEVELOPED COUNTRIES 
In Chapter III, two different mathematical models were 
developed and depending on these models a number of equations 
have been derived~ In Chapter IV, the validity and practi-
cability of these equations will be verified by applyingthem 
to va+ious development problems which the underdeveloped 
countries face at the present time. Through this application, 
it will also be shown that these mathematical tools yield 
rather rational and reliable solutions which may facilitate 
the crucial decision-making processes in the underdeveloped 
countries. 
Problem I• ., 
In an 
ing ¢p per 
crease of 
cent. If 
Application of Mathematical Model I 
underdeveloped country the population is increas-
cent per year continuously, and the rate of in-
the agricultural production per year is ¢ 0 per 
according to a development program, the per capita 
consumption of the agricultural production will increase from 
/\ 0 to /\n in n years, will it also be possible for this 
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nation to export some of the aggregate annual agricultural 
output at the end of then th year, and if so, how much? 
Mathematical solution: In this problem /In, 7' 0 , n, fDp 
and ¢0 are given. 3 0 = O, and the only unknown is3n• 
Therefore, Equation (17.d) will be used. Arranging Equation 
(17.d) the following is obtained: 
1-3 /\n x en¢p n = ~o c 1 + ¢0 ) n 
and finally, 3= 1 - ?\n x en¢p- (17.d)I 
/\0 (1 + ¢0 )h 
Numerical Problem: suppose for an underdeveloped coun-
try rDp equals two per cent, ¢0 equals seven per cent, nequals 
fifteen years, and ~~ equals 1.25. If 30 = 0, Find ~n· 
Num.erical solution: Using Equation ( 17 .d) I, the follow-
ing is obtained, 
Jn = 1 - ;~ el5x0.02 1 - 1.25 (1.07)!5 
3n = 38. 84 per cent 
In other words, if the development program is implemented 
successfully for fifteen years, at the end of this period, 
the underdeveloped country will be able to export 38.84 per 
cent of its aggregate annual agricultural product {after 
subtracting that portion which is allocated for next year 1 s 
planting) .. 
Problem II: 
An underdeveloped country plans to increase per capita 
consumption of ~he agricultural products from ?\0 to/\n inn 
years, and also be able to sell 3n per cent of its total 
annual agricultural output., If the population is increasing 
rDp per cent per year, how much should agricultural prod-
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uction be increased annually in order to satisfy these con--
ditions? 
Mathematical solution: In this problem/\0 ,/\n, ¢p, n 
and3n are givena 
only unknown is ¢0 • 
If it is assumed that 3 = 0, then the 
0 
Again arranging Equation (17.d), the 
following is obtained: 
( 1 _ 3 ) ( l + ¢0) n = A n 
n en ¢p ?--o 
( 17 .d) 
Arrangement of Equation (17.d) gives 
n ?\ n ¢p (1 + ¢ ) = _!! x ..,.e __ _ 
o 7'o 1 -.3n. 
and finally, !00 = 1 /\~(~n-:!,~) e¢P -. 1 
Numericai Problem: suppose for an underdeveloped coun-
try, ~~ = 1.3, n = 10 years,'30 = 0, :Sn= 30 per cent and 
¢p = 3 per centQ Determine ¢0 • 
Numerical solution: Using Equation (17.d)II' the follow-. 
ing is obtained: 
¢0 = ~o(l-3nl "! A e¢P - 1 = 1or;:;--e0.03_ 1 -- . ·\/ j r:o.-3 
¢0 = 9.6 per cent 
Problem III: 
In an underdeveloped country, the population and the 
agricultural production increase ¢p and ¢ 0 per cent; re_spec-
tively, per yearQ If°30 = 0, how many years will it take for 
the nation to increase per capita consumption of agricultural 
goods from /\0 to An as well as to be able to sell '3n per 
cent of its total agricultural output? 
Mathematical solution: In this problem ¢p, ¢ 0 , /\.0 , /\n, 
and :Sn are given. It is asked to determine n. Again, using 
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and rearranging Equation (17vd), the following is finally 
obtained: L ./\n 
n = 
n Ao< 1 -.Jn> 
(1 + ¢'o> 
e¢p 
(17.d)III 
Numerical Problem: suppose for an underdeveloped coun-
try ¢'p = 2 per cent, ¢'0 = 6 per cent1 3n = 20 per cent ,30= 0 
and 'An = 1.s. Determine the value of n. ~ 
Numerical Solution: Using Equation (17.d)III, the 
following is obtained: 
L An 
n ~o(l-3n) 
n = ( l + ¢0) = 






= 16.,07 years 
In an underdeveloped country, while agricultural pro-
duction is increasing ¢'0 per cent per year, the population 
is also increasing ¢p per cent annually. The nation plans 
to sell ::Sn per cent of its aggregate annual agricultural 
product at the end of a 11 n 11 year planning period. If it is 
also planned to increase per capita consumption of agricul-
tural products from A0 to An O will birth control measures be 
necessary? 
Mathematical solution: In Problem IV ¢0 , ¢'p actual' no 
/\. 0 , An, and3n are given. Assuming,30 = 0, with the given 
values of ¢ 0 , n, /\ 0 , /\n, and 3n, the allowable rate of popula= 
tion increase can be computedo The arrangement of Equation 
(17.d) will give: 
· ...: l Ao{l-3n> · · 
¢p allowable- n Ln /\ n · + Ln(l+ ¢0) (17ed)rv 
If ¢p allowable is smaller than or equal to ¢p actual' no 
birth control measures are necessary. Otherwise, these 
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measures will have to be sponsored and implemented by the 
central government. 
Numerical Problem: suppose for an underdeveloped coun-
try ¢p actual equals 2o5 per cent, ¢ 0 equals 10 per cent,30 
equals zero, 3 n equals 15 per cent, '9..~ equals 1. 3, n equals 
eight years1 is birth control necessary? 
Numerical solution: Equation (17.d)IV gives the follow-
ing: ¢p allowable = -k Ln ;- ~ Cl -3n>+ Ln C 1 + ¢0) 
L 1 - o.15 + Ln (1.10) = 4.22% 
n 1.3 
allowable- 4.22°~, therefore, birth 
control is not necessary. 
Application of Mathematical Model II 
Problem I: 
In an underdeveloped country, initially, per capita 
agricultural production per year is a0 , and_..µ0 per cent of 
the population is engaged in non-agricultural occupations. 
According to a development plan, per capita agricultural pro-
ductivity will be increased to an,and3n per cent of the 
aggregate annual production will be exportedo If it is also 
planned to increase per capita consumption of the agricul-
tural goods from/\ 0 to f'n, how much can the non-agricultural 
population be increased? 
Mathematical Solution: In this problem a0 , an~o' 30 , 
3n' and ~ are given. It is asked to determin~n· Arrang-
ing Equation (20.d), the following is obtained: 
fin= 1 _ An x ao x 1 -./"'o 
'.Ao an I -...,-4 n 
(20.e) 
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which gives,)-'n in terms of other variables~ 
Numerical Problem: suppose in an underdeveloped country 
a 0 = 60 (as an index number), 3 0 = 0,_..)A 0 = 20 per cent, 3n= 
10 per cent, an= a0 + 0.4 a0 = 1.4 a0 = 84 {as an index 





Equation (20.e) gives the follow-
x 1 -~o = l -l.0560xl-0.2 
1 - 3 n 84 1 - o. l 
P n = 33 .. 5 per cent 
In other words, with respect to the total population, the 
non-agricultural population can be increased from twenty per 
cent to 33.5 per cent due to increased productivity in agri-
culture. 
Problem II: 
In an underdeveloped country, initially the agricultural 
production per capita farm labor as an index is a0 , ana,...,µ0 
per cent of the total population is engaged in non-agricul-
tural occupations. Through the implementation of a develop-
ment program, the agricultural productivity will be increas-
ed from a0 to an and this increased productivity will also 
enable the nation to increase its non-agricultural popula-
tion frorn_..fA 0 t~no If per capita consumption of the agri-
cultural goods will be held constant in order to accelerate 
the economic development, how much of its total annual agri-
cultural output will the nation be able to export at the end 
of the development program? 
~..s.th~~ical Solution: In Problem II, a0 ,30 ,,)-<0 ,~n'and 
~ ~ are given. It is asked to determineJ'no A.ssuming 30 = 0, 
81 
and arranging Equation (20od), the following is obtained: 
3 = 1 - /\ n x ao x 1 -...-P'o ( 2 O. f ) 
n ?--.o an 1 ~n 
which gives 3n in terms of other variables. 
Numerical Problem: For an underdeveloped country a0 =70, 
3 :0 I ,U : 
0 /'O 
per cent, 
25 per cent, an= a 0 +0.5 a 0 =1.5 
and /\ n = 1 o 00 o Determine3 n ~ 
~o 
105, .,,/Jn = 35 
Numerical solution: Using Equation (20.f), the follow-
ing is obtained: 
3 n= 1 - ?\ n x ao 
?,.o an 
3 = 23 per cent n 
x 1 ~ =l - 1 x 70x 1-0.25=0 23 
1 -;)An 10 5 1 - 0 • 35 • 
In other words, this underdeveloped country will be able to 
export 23 per cent of its aggregate annual agricultural out-
put (after substracting that portion required for the follow-
ing yearus planting). If the data incorporated into Equation 
(20.f) would give a negative value forJ'n, this would simply 
mean that under the impact of a too adventurous development 
program, the underdeveloped country will have to import agri-
cultural products from other countries to feed its non-agri-
cultural and agricultural populations. And, unfortunately, 
this last case is not much too uncommon for some underdevel-
oped countrieR. 
Problem III. 
In an underdeveloped country, through the implementation 
of a rational economic development program, the agricultural 
productivity per capita farm labor, and the non-agricultural 
population will be increased from a 0 to an and from_)A0 t~n' 
respectivelyo If the nation plans to export'3n per cent of 
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its aggregate annual agricultural production, will it also 
be able to increase per capita consumption of the agricul-
tural products, and if so, how much? 
Mathematical solution: In problem III, a0 ,__,,l'0 ,-3 0 ,,J-'n' 
and..3n are given. It is asked to determine ?\n using Equa-
~o 
tion (20.d)7 we 
'An 
?-.o 
get the following, assuming that3 = 0: 
0 
= ( l -3n) 1 -~n x an 
1 -_..,-t,f o ao 
which gives An 
/'- 0 
in terms of all other variables. 
Numerical Problem: suppose in an underdeveloped coun-
try a 0 = 80 ~ = 30 per cent, an= a0 + o. 35 a 0 = 1. 35 a0 = 108, 
~n = 40 per cent,.3n = 10 per cent and,3'0 = O. Determine 
An 
AO. 
Numerical solution: Equation (20.d) gives the follow-
ing: /\n = (1.J'n> 1 ~xan = (1-0.l)i-g·j x 18°08 = 1.04 ?-. o 1 ~ ao - • 
Under the given conditions, per capita consumption of the 
agricultural products can be increased slightly. In other 
words, at the end of the development program the people of 
the underdeveloped country will be able to consume Oo4 per 
cent more agricultural products. 
If the computation would yield a value for ?\n lessthan 
?'-.o 
1.00, this would signify the fact that in order to carry out 
the economic development program, the people of the under-
developed country will have to tighten .their belts and re-
duce their consumption of agricultural products. 
The applicability of the equations derived from Mathe-
matical Models I and II, to actual development problems of 
the underdeveloped countries has been demonstrated in the 
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present chaptero Through the manipulations of Equation (17) 
and Equation (20) and their derivatives, some basic questions 
confronting the underdeveloped countries at least tentative-
ly can be answeredo The equations developed in Chapter IV 
are relatively simple in form and incorporation of the· 
statistical data into these equations can hardly be consider-
ed as difficult and time consuming. 
CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH 
Conclusions 
The principal purposes of this study were: 1) to define 
and describe 11 underdevelopment·11 , 2) to discover the basic 
factors which determine and perpetuate the economic and 
soclal backwardness that exists in the underdeveloped coun-
tries, a.nd 3) to develop mathematical models and tools that 
can be employed in solving the crucial problems confronting 
the underdeveloped countries. 
After the development of these mathematical tools and 
their actual application to development problems, the follow-
ing conclusions can be given: 
lo The underdeveloped countries are not destined to stay 
underdeveloped. Almost all of them have unemployed factors 
of production and latent and inhibited productive energies 
and talents .. 
2. The utilization and employment of all these energies, 
talents, skills and unemployed production factors, such as 
"surplus farm labor 11 , first of all require the constr:uction 
o.f a rational, scientific, objective and daring economic 
development plano 
3. The basic purposes of this plan are a) increase 
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agricultural and industrial productivity, and b) increase the 
non--agricultural population. 
4. In determining the increases in the agricultural and 
industrial productivity and in the non-agricultural popula-
tion, Mathematical Models I and II, and their derivatives, 
Equations (17) and (20) can be effectively employed. 
5. In preparing the development program and in its 
implementation, the main task will have to be shouldered, not 
by politicans and phrase mongers, but by scientists, managers 
and particularly by civil, mechanical, electrical and indus-
trial engineers who are equipped both by qualitative and 
quantitative tools and knowledge. 
6. Once a 11 take-off 11 stage is reached, it will then be 
possible for the underdeveloped countries to accumulate 
industrial and social capital and gradually eliminate physi-
cal and spiritual poverty which have existed in all under-
developed countries for centuries. 
7. In the actual implementation of the development 
program all contributing external factors such as foreign 
economic and technical aid, loans from international banksuan.d 
assistance from the United Nations may be extremely useful. 
However, major emphasis will have to be put upon the creative 
talents and energies of the people of the underdeveloped 
countries. Otherwise, the development may be lopsided, de-
formed and the national integrity jeopardized. 
B. In this respect, it would be extremely beneficial 
to all underdeveloped countries, if native scientists,rnedical 
doctors, managers, and particularly engineers can be attract-
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ed back to their home countries by material and non-material 
incentives. Because, as long as these technically competent 
people prefer to stay in industrially advanced countries, it 
will not be possible to prepare and implement an economic 
development program for underdeveloped countries. 
In the United States people who bad indomitable will and 
courage left the comforts of the East and ventured toward 
the west. such a spirit will have to be imbued to themedical 
doctors, engineers, scientists, and the managers of the under .... 
developed countries,who are being educated and trained in in-,, 
dustrially advanced countries. 
Recommendations for Future Research 
The Mathematical Models I and II and the equations de-
rived from these models are of a general nature., In other 
words, they may be applied to industrial processes as well 
as agricultural ones. In this respect, this study can be 
extended as follows: 
1. Investigation of the effects of the increased pro-
ductivity in industry upon the industrial .labor force could 
be made. It is a well-known fact that in all industrially 
advanced countries, the labor force in manufacturing is de-
creasing in relative numbers, whereasi the population engaged 
in service industries and in white collar occupations is in-
creasinge This inverse relationship can quantitatively be 
demonstrated by Mathematical Models I and II, after minor 
alterations., 
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2., A mathematical relationship can be developed which 
would express the increase in agricultural and industrial 
productivity as a function of time and socio-economic;: meas-
ures. Through the utilization of such a function, the pro-
ductivity at a certain date in the future can be estimated. 
This would be of extreme value for engineers and planner!!! 
in setting up development criteria and goals. 
3. The social problems of the industrially advance.d 
countries can be investigated, studied and explained in order 
to be able to prevent the emergence of the~e problems in the 
underdeveloped countries. 
4. It may be possible to integrate Mathematical Models 
I a.nd II into a more general and comprehensive one. The 
obvious advantages of such an integration would be the in-
corporation of productivity increases and time into a single 
model which can be employed in determining both aggregate out-
put and the changes in the productivity levels. 
5. The effects of paternalistic .and traditional family 
type of o~ership and management upon the productivity in 
the underdeveloped countries must be thoroughly studied. It 
is obvious that this type of management is detrimental to 
economic development. In that respect, the positive contri-
,· .· ... 
butions of the corporate type of ownership and the modern 
scientific management intitiated by Taylor and expounded by 
Barnard would serve as guiding criteria. 
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